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$.T.Konobeevski

'EFPECT OF IRRADIATION AS A

MARTERIAL SCIENCE PROBLEM

(to be reportad at the Intcrnatiencl Colloqiuﬁ" _ !
| "The:Impact of Sciencc on Materials Technology"

to be held in Argentina on the 2-7 of April 1962)

The immortancce Qf‘physical metallurgy or "Material

science" for nuclear epgineering hardly needs srecial
erphsasis.This particularly nppliles ta that part of physicnal

retalluryy which is concekngd with the effect of irradiat;cn
on moterials,

It is cvident that without Knowing changes in structure
end propertics of materiale cuffering "radicstion domage"
one con ncither design nuclqar'reactors recsonably nor
malie reliable prcdictiens concerning their bporntion.
in many cnses the accumulated metallurgicn} experionec
corrot be token advantnge of te choosae roactor moterinls
first of all bceausc many roterials operatc fer the first
time and secondly bccausu in this case engincering faces

a very compcsite c0nbinataon oi operating conditicns and

requirerents of which mctaliursy was not aware el cnrliﬂr.
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The tovelty and diffievlty in uncerstanding changes
ceeurring in materials under irradistiorn eall for their
nost carefuyl study and first and forcmost for the study
of fundamental phenomcnn of irradintion effccts.

Tor a renlly rolicble pradietion it is nct sufficicnt
to be confircd to a simple statement of experimental
data, no maitcer how ¢xtensive they n5y be, It 1s nrcessary

“to decvelop a stringent and comprehcnsive theory as de-
ductive os vossible-tho {a%th in the ccnclusions of which
veuld be ob;igntcry not oply for thecrrticnl sclence
tut also for a practical desiznnr,

Hoveve e, the objcetives of rodl:tion material science
are wider tion merely ascisting a nuclear engincer in
his choice >T rcactor materials, It encns up the way
to {ho ficll of basic problems of solid stotc physics,
Giving o mcthod of o basically cortrolled irntroduction
of dtfects and imﬁerfuctions of vurinus zinds into &
mateiial, the irrad: tion should play the main part in
urdcerstanding those prepertics of a solld bedy which
dcpend upon défects of o erystal styucture, in other
verds, in understanding almost all tho propcrties of a
real crystal. Se far as the mcchanics of sclld bodies

is conccrned, such phenomena ns strengthening, reloxet-
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ton ond crecp, intrinsile friction, ductile and brittle

5

ronetures belony hora. 3o for ns

‘slco~-chiemical phencmena
~arg conecarnad radisticn efricets vo) threw light on mony
_problems of both cquii Lrium and kimetics of phase
trorsforrations, agoeing, ordurings.difruslon etc. A study
.pf ar. intercction of fast particler with a substance

should groatly adﬁnLce the sclence lenling with the
: strongth »f matéricls ard coventu-Lly contridbute to 2

developmant ol those "supernaterials" 1a the absence

of vrich :he riodern technologlesl prozr2ss will remein
; ‘rcthor linited. |
R T .

Tinolly, as ~ third lirk that can ccnnect radintion
j ratoricl sclenca withtprﬁctical needs, one may 2180
| riention o diréqt usc of o redisticen cxposure to'improv1
uscful propertics of no orirls, At prescnt onc ean hard-
ly do moin than attempt to imoginrc the future developneont
of this hranch of tochnical secienco sirec a faifly great
progress sheuld be riade in desipgring appropriate irradiat-
son foeilities and solving o great nunber of othcf

'qucstions bofor~ it btocomes pessiltle to spcalz atout

this task 23 being feaslble.:

7o ny nind, the forner of thn nentioned abovk
, N

ngpects interests the most pert of the participnnﬁé o)
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¢f the cclloquin to o lesser extert: the third one is .
more ¢f  nature of o desire rothnr than of an acﬁieve-
nent, that is why i erpect to h-le more apportunity of
draving your attenticn if I derl with the secondvdnei
i.c;, With the importance of study ng radiction defects
'foi the gnnergl progress in our]rm=wledge'of materinl
~scilernce. ( ) é
Chonges in a solid structurc induced by energetic 3

particles of ncutrons and fissior fragrments nay be
divided into tyo groups: a)These ¢haracteristic of a
s01id material under normal conditions as well ond
produced by corrign means such as vlastic defornation,
hecting, low irpurity alloying ctc and b)Those not
encountoered ggherally, however, baing the result of
applying the utnest force best vevial the ability of
the crystal medium of a solid mnterial to withstond
any trial to disturbd thé lattice =nd the ability to
restore it. Those excgrerated effects show us 0s well
upen vhot imperfeétidns and to whnt extent the propﬁrti@é
of & solid rrterial dcﬁends

Two exnmples will be given telow as to the rndiatien

offects of both the first and the sccond kind. The

investigotions by Bour, Seitz, Tirnes, Cotirell, Drink-
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ren ond oth., hove lecd to the genei Loconelusion thot
the collisions of fnst neutrons siyl ators of 'sore
substanee result in the appecrsne’ ~f nighly mobile

displaced ~tons and soiewhat less o sile vacencizs in

a erystal lattice, Undex ordinary ¢ nditions of irredintion

the concentrotion of these defects ~rrely ciceeds 1-2° 4
7L the tenporature of ¢ substones b oing irradisted is
not very locw, o considarable part ¢’ these defects dis-
apnears eltherduc to mutual onniliil-tion or *y conbhining
inte clustofs orvin seine othar wiy. CeBiy Wy trapoing
defeets cn inparfections cxisting De rcrystél lattice,
'hilé migroping‘énfects can ~ive rize to nony trensfer
phenomens (diffusion, elastic strecs relaxzation, order-
discrier tronsitions ete) which ¢ s result in tho‘
_substahca both cprroncing vhysico-carcnieol equilibrium

stote ard departing frow it, The fornction of

clustercad interstitinls and vacenecics interrferes secrious

ly witﬁ the rovorent of dislocaticns, inerrasing thelr
friection when they rove and conscqumntly,strcngthanihg
a matericrl,

Togﬂther ith the notion about producing singlc

defeets (Frenlkel defects) by 2 coiilsion of o fost
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boriuardin, sortlele- nevtren- witlh odividual ~tors
in its poth snd vy sucecssive nody o ollisicons of a
priuary Imocked on otcr ith the ol v otons of o lottice
there existad o aiffersnt notion rh-ut the sroup forrn~t-
imn of 2 gract numbnr of defeets, b ~ {-st rtonde pnrtiéle
(pr*W“ry lnoel-ons, slo af dom fission fre/vents, encrgntie ]
ions froin sorn othe; source) axchﬁnging its enrrgy sirul. j
tenecusly with ¢ leoroe nunber of cthnr'ctth in o restriocted
v R

voluric so that » phcnainnon siril~r to a burst oceurs,

The atons of this repcion fly rrort lesving hehind
~ void in its cantre ot its werivhery  execescive ctonms
cccunui?%@Jncconc&nte in some way .0 ~thoer betueon the
ntons of - madium. Suck 2 stotr wetir vost unstable
nay lost oily for fairly short ti e« (10'17-1011 sce).
Following it +the prrticl rocoverin, of the dr-grs
occurred .y ol {0 paths (Brizivon 0] ). tdther ot
the nezt »oment o vold,: forncd in tho eontre of tho
region, will be f£illed with atons rﬂturnin; frov thae
poripheryy this will result in the rfstorﬁtionvof
denoged lattiee,In this ense  the ~tons if one coipnrus

their positions with the iInitinl ones, will be acconoddtad

3

on scir¢c otirr.lattice sitrs{here cecording to brinkmon
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the tﬁrn”"dispircr“vnt s-idke gonra).Nr the ;tors -
lmocled out to the periphery, 4111 ot he oble to rnturn
1y. She ccﬁtrn on readunt of = xopid loss of thﬁ%;_nnorgy
duc to dynrﬁic ecollisions and the rercoining e-vity 111
cither exist 'n thé ;orw or ~ bubhls or —ill eollopsc
. forning a dislocntion lecop.In thie ¢rze the disviaced

. » 3 N an Y
aters heing very nobile nay eaxsily produce clusters in tar

" forrm of intorstitinsl loors,
Te notter in what ooy will coumiquences of o burst

te hesled, the 2tons of this regdien 1ll prﬁsorve a
considerable cxcess of the kinctle ~imrly for sore tine.
If the roat? of an energy reneval fros rvgpiketresion

is not sulficlontly high And during parturb:tion'ntows
11111 have tire to make.a grect nuber ef osciilmtions,
this reglcn moy be eonsidered to re in o state of intonse
henting, Touever,it appesfos thnt i o nunber of casns

it riry be sugzested that the enexpy lecves the plnee

of slcwin; down rapidly treonsferrins on irpulse fron
‘cno ater 1o oncther 1ﬁ n dynanical Tnshion by sucerssive
atoriic reo-lacer ents siniler to trcer shornm by Glescr ond
Vineyard Jor » low(< 400 ev) energy of o prinaxy particle

{e] . That is hy,the question of t1» volldity of the ther

therncl interpretntion of & ndigpl-zerent spike® and

Declassified in Partv'- Sanitized Copy Approved for R'el‘éas‘e 2011/11/10 fJCIA-RDP80T00246A016300190001-0
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§ the related question »g to the occerrence of rodirtion : 1
| aanecling are not quite clecy. In dvery eose the occeurrclce ;

of radiction anuenlin_ should be ;roved f;“rilrnt 1ly. 3
1 Tho total m-ount of the released cucrgy is likaly to scrve
é as a deteraining criterion hore.
j Onie of ther efrﬂplfs of n phanocnon in ﬁhiah the 4

radn part is plaved by single mebile drfrets produers
‘ by neutron bortord ont is rr oeveoviscent on the relanrtion ] 8
of nlnostlc stresscs. The deserdction of the exnerirental

Vd
sart hes heon piven enrxlier [é~{‘.fhﬁ 3ome Hhenorrron

PEAY

teolkrs ploce in stringe of varicus confissile ~~tericls,

“rre onc cri observa o sirilry velrzatlon phenonenon too
it is rothor slodor than thrt- in 7issile rotericls but

’

fairly o OpY \Cﬂ~m1f in sone nntbri"ls such -s niclel,

reloxetisn phunonenon is also O'\KIV(J for micrecstroscrs,
| the anrovat of which is‘n:sily cortrclled by the width
5 ond the form of x-r-y lines recorded by a diffractoretor.
| :
i An essentinl feature of @ rodiotion ~nheneed
i roln:rtioﬂ {5 ynthcr - considerolile effoct of roversion
% on torpering ot an ordinsry fic.apercture or on slight
3 heating ~ speeimen, that puffrred - rodintion irduccd
.

relaxatZon,The sorings sho o toileey towerds on luversa

Ciem

e

deforretion,i.c. o chonge of the deflection of the srrin:s

--.L‘_’

.

: R H ;
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end  ir erse of itnpr.MiCrOStrUSS‘S tkhis reversion

i results iu the secondrry hrondri ing of the W-r7y 1ings
that werc norrousdor. the relnxet ion,

i In 21l the coses the relaxntion phenomeno? is the
fuller the less the anount of th- prnvious irradistion,
It should dhe pointéd out thot =) previously irrnﬁintad
naterinls olsc have the espocity for ~eocicrated rolauet-
T, Dd) forvﬁnterinls of high erystnllization tomperature
cuch se ,on additlonal siight Teating is requlred to

| producc o noticnablé reloyation ciiect after irrndiaticy.
¢)~ relaxation cfcet is ;réatly asercrscd with loworing

o
the tcnpcraturé of a speciroh boiag srradicted (-70°C).

#11 the chove nentioncd frets can be rasily ~ccount-
ed for Sy tie follcwing,séheun. Irrﬁdiatiqn’produces
highly noblle defects which rove tovards stress concer-
tyraticn reglons unﬂcrAfhr aoticr. of on el-stic firld
gradicnt. Sincc interstiticls rvd voeancins ake
; diffe:ent contributions to the rverege atorie volure,
| the d fects of both these types shift in the opposite
3 directions lending to the dccrorsing of rnsidual |
gtresics, ‘t this stage the 4 “rets nre still sufiiciont- ?

f ! ¥ Cen veve "traps' and 3
t 1y moHile and on glight heatin B crn les ’

BNCI
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e hil-te, Tt 1s in this o eat that the phenore-

! stooe with ~n inerease in the 1o 71 eonerntration of

the defects of one sign thelr con -nantion ceccurs ﬂhich_

wa? te accoimrnied by the forrrtion of dislocotion loops,

The dceraase of the raversion effrct on prolonging the

; irradiction copesure nay be associotrd with the segresation
of the condensed defects,

The tonﬁernture depenence of the relaxation is
indientive of the factvthat the trernel anstivaticn is
nncessafy for 4hc radiction induecd defects to ne
shifted in the field of stresscs.lt should be noted that
in generel the behaviour of a fisuile noterial (U) is

i. sirilar to thrt of ¢ noﬁ-fissilc onasthe diffcrence being
only in the rote ¢f a proccss. That 1s vhy the rechonlsn
in bofh tho enses should be cona’ lered to be essentinlly - ;
f tha sone - nigrstion of single Aolects  to strass conerntraticn f
; regions. (In filssile m5tﬂ;;als +:ls rny he aceorponied :
ad

by the preferred survivel of tl0 Aanfrets ¢f one sign

| corresponding to the sign of dff smotion 61} R

4 ) . 3 y.
1f such o model is tyue. ,10a71 the comparison of the

rates of the relaxntion process i~ flssile and ncn-

fissile materials shows that th number of the irvodiation

b ' - 10 -

i
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irduced dofects reloted to the v ner of fission events

(of scattering respectively) in 7o oile matericls
(natural ureniwe) should he 100- 1000 times more th-n in
non-fissile ones. |

The exneriments on the homogi-iization of sore fissile
alloys show on example_of another tyre of the.irradiatioh
actiorn on mﬂterlcls wher the results may be interprcted
os being the consequence of rodintion “nrc ling. 's proviously

cstablisied [1, 2] ,the neutron irrediction of o U + 200t

iic clloy induccs the trnnsfc«mﬁtiwn of a cutectoid,

consisting of of-urcnium nnd an intocrmedinte compound
UQMO,, into = ?Lgfse homogencous solid solution, The
theory accounts,fSQ this phcnoaonon by the fsct that

in the rcgions of leWIH" dovm firsion frogments, having
the approximate’ size of tc 17cm}r complcte afomic mix-

ing tokes place con account of berting to high tompcrrfurcs.
The successive overlnpping of siwi: regions of heating

should ‘result in equnlizing on mvorage concentrnticn,

"whieh is equivnlent to a forced +ndintion diffusion;The

ecnclusion dr-vm from the theory 50 the effect thnt the
ate of hbmogonization should \ -~ud on the sqﬁfre of

the linerr dimensions of o dleyz-acd thase is confirmed

in work [5,2] )
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o fact that 1t is tﬁe ra&iatjmn anrealing produced
by fission fragments and not some spcelfic properties of
& ~uranium matrix, thet is responsible for this
phenomenon was cbﬁfirmed in a later siudy dealing with

‘ a2 similar process of homogenlzaticn of irradiated Cu-5n

. sclution,After irradiztion in the " FT* reactor the amount

saturation of the solid solutior

attainihg 5,5at7.Sn after the irrnclation in'6x1019nvt.

- 12 -
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which is indicative of the growtin o7

well observed after irradiation by °

1

L

bronze contdining.a smell additicn of Pu (1nt%) [5].

The low-tempcrature annealing (220°C) of an 8,2a2%%
Sn ~ 1a2t% Pu -~ Cu alloy resﬁits_in 4 highly disporsed
-preciritate from an X -s501id solution of an intermétallic

corpound Cu35n‘( £ -phasc); 3,105 57 remaining in a’‘sclid

of nn intermctallic compound cu351 :s deeroased, and the

1o Sn . is incredsecd

An incrcase of on o{~solid scrutlon lattice parameter

1.5x1018nvt. The theory of the'radfwtion aiffusion previcus-,
ly deveioped fqr g U+20at9iio allo; ray be applicd to the
present case as well. It shows t;rt the homogenization
phenomenon of 82t Sn - 1at% Pu - hronze is well account-

ed for on the assumption that the 1heynal spikes crocated

S

e 2011/11/1

[ N E e ‘
i Ll‘n fgoutt A :
?1 ‘2[01 1/1 1/10 : CIA-RDP80T00246A016300190001-0
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vy plutoniwa fission framients prod oC radinticn enneel-

irng on account of vhich an internct llle corpound is

dissclved and tin aiffuses ipto the seolild solution. The

caleulated amount of the energy dis jpated by a flssion

fragment ia o thermal spike proves 1o be cqual to that ’
: 3
obtaired in the case of irradiating the U-l'o alloy. . s

"Although the homecgenization of brer.ze with 1at”Pu

pdded procecds wmost effectively,the irradintion of &

bincry alley Cu = 8at;’Sn without piutoniun by a considerable

fast flux (5x1019nvt} does not give risc to ony apprecilcble

transformations in it, If in accozdance with the previous

data one assumes that about 2 'cv of the cnexgy‘rcleased

in the thermal spilkes fall pex oing fiscion cveht and

considcres the average encrgy of 2 primary knock-cn on

eollisiorn with 1 licv neutron to be about 30 Kev, then

}

i

{ the total effeet of a heot relecse of {rrndintion anncal-
{

ing 4in a fissile alley for A flux <f 1Q38nvt should be

in a nor-fissile oho

(Cu - 82%t% Sn) at 2 fast flux of 5V1019.

norogerizaticn effect

cnly two times rore than

The absence of traces of tho

in the latter case questions the occurrence of radiaticn

anncaling in non-fissile natorini vambarded by ncutrons

altogether.
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euever, whe diffusion effeets 4o 'nd not enly on the
total enount of the energy released Au inz rodiction
amnealing but also on t. 2 square of “he linnor dimensions

of an annealing region and owing to tit’ 3 the efféct in
non-ifissile mxferials should be less. "ereforce for the
final solution of this question the (1 ¢ to irradiate the
binary bronze should'bc increased by a: lecast an order of
nagnitude.

It is inucresting to-nOte that t:.> Cu-Sn bronze
being not susceptible to the displacencant splike effects
secris to be most suéceptiblc to the phounonena associated
with the existenee of single radinticn defects.. The broad
R=Y0Y lines of the cold worked Cu - Bat¢‘Sn alloy show
considerable nairowing after drradizticn. This is indicative
of the fact that the nobile defects cannble of indnéing
nicro-stress relaxation are produced and agcumulatcd in
this alloy under fast neutrcp irradistion, . '

After all that wes said concerriia; the influence of
irredistion on retols a quastion ariscs thst could becore
a subjcet to discuss at’ the present colloquim, Let us for-
rualate it in the foilowiﬁg way. A

It is lImown that at a low initin! encrgy transferred

- 14 -
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vty 2 fast noviag partiele to an at:r, the latter dlssipates
it to transfer inpulscs to nelghtor 'lug atong, As iﬁ was
assuned by Silsby!}]cnd proved i Gibson and oth. [b}
in their experinents with a conput: ¢ the enérgy trnnsferred

is prinarily concentrated in certrin dircetions of a

.crysfel lattice and used giving ricz to a nunber . of

successive atomic raplacenents olorns the ehainy Sueh n
p:cpagatibn of the. energy is of 2 "dynamic™® nature-
atomic ogeillations in the chailr r-pidly atternuate, on

scecunt of which all the replacerests occurred as well as

. the displacgments at the end of the chains and on their

branches "frceze" rapidly; Such o dynarie or "cold" danmagc
riay be distinguizhed fror @ "hot" or statisticai one, The
latter will talke place if the trrroferred energy is so

high that its propogation will ccour not only by the

-~ tranefer of the impulses to the ncishbouring atons sitting

Tirnly in the lattice sites or dierlneed by onc or two
storiec distances only buf also by - sirultencous displace-
rent of nany atons having large linctlc energy. In other
words, if the propagntion of‘an iryuise alcgg the otend
chain is called & "focusson"(tﬁe-ﬂnfm acceptad lately)

tlion in easc of o hot danage the @irrement of eacli atgn

-~ 15 - .
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15 o resullb of an sntorfercnee of o oy facussons,l suing
fyon 1any centyces,
Tt will be quit. notural 1o ne wie that the eriteriexn
deterninirg the type of a danage r st te looked for in
an aﬁouﬁt c¢f the enerpy with vhich slowed down porticle
arrives ¢t n region where its bnt} length is comporable
i with atoric spacings.

| vmat is the velue of the enrr 7 _ond vhere should

o_boundary line be drawm , however?

| The question raised is reduce’ to this, ;
| TTow onc TNore expc crinent concraed with the influo
of irradistion will be described. It rofers to the questicn
ranisod, by the uny, it can serve £: illustrate how the o 3
influence of 1rradiation on ;atericls helps bettor undrr-
standing thc nature of the phanorera cecurring in rateriels
wnder oxdin~ry conditions.

As cstablished. fron the nony oarlier experincnts

irradiction of ordcred solid solutions results in thelr

o

rapid disorxdoring In fissile rotorials it is undoubtcdly
duc to the thermal spike effect wroduced by fission

fragrionts. It may be soon fro: tiio faet that the dilsorder-

in; process is conpl ted for tho tire aqual to tlat

Declassified in Part - Sanitized Copy Approved for Relgasejzoyﬁ/"l 1/10 : CIA-RDP80T00246A016300190001-0
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recessary for the whole ﬁefnl volure t¢ pass through the
tmeynal spile state, Lovever, the ¢is: rdering rechanisn
i+, non-fissile ~aterials 1is 1rss cleo,

_Tere it oy be the comscquonce o both the dynanlc
and statistical danage.

.P,Snanko ipvestigated a ¥o-2 25~57%A1 alloy. On slcw
coolmD fro1 560°C the alloy turns out to be ordcred,how-
cver, after quenchin in oil from 750 O¢ it becomas partlal-
1y ordecred retainihg a short range avder in the abscnce
of o long rangc order,

The pceulinr featurc of this nlioy is tho foct, inat
suc': pdrtisl ordcering ig ‘characteorived by inerensad
clecetrical rosistence. nesidual cvdoring of @ quenched
qlloy con bo dcutroyed by plos stic Ao orvﬂtlon, aleng with
this its electrlcal reo sstomee is Aoorcased.

Irradintion brings about 2 cons tderable  growth of
A1.{/11 in an anncaled alley and scne lecreasc‘of its
rosistance in a guenched onc. Aftor irrediation by n flux
of 1.5x102°n/cn2 voth the speel o have practicnlly
the sone resistivity va 1ue whis ns wnlla%he x-ray diffracticn
dnta point to the. fact thet both toe alloys arc in a siriley

condition of 2lrost conplete discrc ring.

- 17 -
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The bohavicuvr of cold"orkcd alloys i+ ¢l intcrest. In
this cnose £' ¢ clectrical reosistancc ;o drestically
inercased ot low fluxes, shieh .sco & o be indiertive cf
the restoratlcn of the short rangc o+ inr.destroycd by
‘ deformnticn;howcvcf,_ﬁftcr ~ 8light « mcreuse the elcetrical.
i rcsistance reradins practicnlly uneln . oed,
. The beacviour of irfadiﬂtcd.al ya Alffers charactrr-
istically on subsequent ann@aling.

iatters stend os 1T both the alloys kept nenory of
tleir initicl state. This scens to suggest the "dynaric"
cechienisn of the disordering proccss under irradiation.
Sofe quantitati?e caleulations bring us to the sare
cenclusion, .

If onec considers the disordering of an annealed alloy
o occur throush the-action of disploceront spilkes, thon
fro:: the valuwe of the £lux requircd for alnost conplete
disordering (2x1020nvt) Et is pocaiilc to cstinnte the
sizc of a displaccmént spilke volurc cn tha assurption

" that coriplete disordcringvis achizyod in the wspike"
2ACT2

e e e T

volwte. If onc tokes 3x10 ~¢ the value for a
seattering eross-saction then £l nwber of prirary

tnock.ons in 10ﬂ3, necessary for 1 sedering, will be

. ' 20
C.5x1020 and the volw:we of ene epl.” woul? bhe 2x10 cn3.\

i ~ 18 -
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Then on tle basis of the data of we % [5] onc can casily
deduce thit the encrgy storad insic . such n volure will
Lardly be nore than 2000cv, i.a., 10 will not exceed
approxinatcly 1/20 of the averagﬁ ¢ «oxyy transferred by
a fast neutron of 1 lev to a pri-ory aton colliding with
the ncutron.fThus,‘if the reclianisr of the "hot". danage . r
or radiation annerling pléys goire part in the dlsordering |
of a Fe-Al alloy, this role is not sreat as corpored with .
that playéd by damoges, produced in dyncric processes

of atonic collisions

. Conclusions
The following conclusions nar be drawn fron the
above said: ' _
| 1, The study of the el’ust of irradiation on
rnotals and alloys should undoubtcdly contribute tec better
undqrstanding the naturce of the phiaocnena taking place
in a great nunber of netallurgica: processes and .
'consequently, nake for an intensifi)d-contrél of thesc
proceéses.;
2..T6 fully use the in{ rmoticn obtained in
investigations of the influence < cutron iryedieotlen
cn naterials, it is necessary firs' of a1l to solve sone
probleiis concnrning the principal rasults of this effect, 3

2 Prirorily it is necessary to disti . uish between the

\ phencrena in which the nmein part L »leycd by single,

- 19 .
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iwobile defoets produced by bonbardL]: particles and the
pheno iene asscelated with larger 4 ages that nay be
thousht ¢f os cduiValent to a rolerse of n falrly greet
arount of the thernal eﬁgrgy-in a rostrieted volune,

%, The rep;rﬁ}shows that the radintion induced
rolaxaticﬁ cf elastie sfresses‘in.hoth fissile and nen-
fissilec pure retals gﬁd‘alloys is n typiénl exanple of
a pheﬁomenononiﬁhiéh the wain part is played by singlce
defects then binding tegether in clusters. '

4. The radiation induced k‘ﬂogeniﬁation of the
alloys, containing dispersed prnciﬁitétr53 ray sorve as
an cxarple of the sccond type plersnena, wbhn_a;dnternininc
factor proves te be irfadiaticn rnnealing tnkin;'piacc
in a thcrmal>$pike region, The role of a fissilc addition
(Puj is showu by an‘cxamplé‘of si¢ horopenisation of Sne

“tion of Cu-8,22t7Sn-

ro

brcnzc,rﬁn alloy having the conpo

1rt%Fu. Alloys without this adnition do not show any

transfeormation effect althouch si1,cle defcets seen to

accurulate in this nnterial, this 1s revealed by a

considerable clastic stress relax .ion phonenend obacrvadld

in th: cold-worked Cu-Sn alloy wa::r fast necutron Ifrrzdiaticny
 5. The oxperinents arc ML ocussad ©8 to the cffcet

: . o o B
of noutron irradiation on crderin: veBAl alloy. The

- 20 ~
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disordering of the ordered solid ¢ lutions hés previously
been considcred either to be an ef cet of displacenent
spilies ox tc be a corsequence of yoplacenent collisions,
In this case the stuly 'of the ¥nt: of a disordering
process in tlie anncnled F03Al'allcy as well as a ﬁmenory"
phenonencn cn anncaling irrsdict -4 alloys, initially ;
t?kﬁﬁ both in the short‘range ard 1ongffange ordcrsvis
rere in favour of the "eold" type of d'danagé, 1,6.50f
the faect that under irrsdiation th- 8isturbance of an
order .rcsults fro thc chains of 201lisions or fronm
the so-called "focussons®. ‘ o

€. When should one exprct one or the other
typre of a damage, dynanie (cold; cr stotistical(hot)
andlon whatbpnramntrns (associated eithéer with 2 borbard-

ing partiele or with o hediwm) dee: it depend - arn

‘quastions vhich require further thecrntiesl ond ezperir-ntol

investigations,
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